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FOREWORD

This work presents an investigation into the hazic
requivrements {e.g., hasic equipment and casts) for an avrray of
mobile remote zenzing packages which, upon huryicane approach,
can he towed to the coast, installed, activated and abandoned
in advance of hurvicane impact. The remote coastal sensing
packages will rvecord huvrvicane impact forces (i.e., wind, storm
surge and waves) and coastal response {(i.e., erosion and
structural damage) elements.

This veport constitutes fulfillment of obligations with
the Federal Coastal Zone Management Frogram (Loastal Zone
Management Act of 1972, az amended) throush the Florida
ffice of Coastal Management subject to provigsions of contract
LM—~-37 entitled "Hurvicane Emervgency —-— Remote Monitoring
ITnfarmation Tracking (HERMIT)Y®,

A portion of CM~37 was subcontyacted (DNR contract
COa36) to the Beaches and Shores Rescurce Centeyv, Institute
of Science and Public Affairs, Florida State University,
which retained a consultant (Florida Engineering Sevvices
Corporation) to conduct the equipment reseavrch and provide

cost recommendations thereto.

At the time of submiszzion for contractural compliance,
James H., Balsillie was the contract manager and Administrator
of the Analysis/Research Section, Hal N. Rean wag Chief of the
Bureau aof Coastal Data Acquisitian, Dehorah E. Flack Divector of
the Divsion of Beaches and Shoves, and Dr. Elton J. Giszendanner
the Executive Divector of the Flovida Department of Matural
Kesouraes. '

July, 1984
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Beaches and Shores Resource Center, Institute of Science
and Public Affairs, Florida State Universzity, 300 Johnston
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ARSTRACT

This work pregsents an investigation into the basic
requirenantsy {(e.q9., equipment and costgl for an arvay of
mobhile vemolte senging packages which, upon hurvicane aovr storm
approach can he towed to the coast, installed, activated and
abandoned in advance of impact aof the event. These remote
coastal sensing packages will vecovrd hurvicane impact forces
fioe., wind, storm gsurge angd waves? and coastal response

f.@., grosion and structural damage) slements. :

PaS

IHTRGDUCTIBN

Regarding the fmpact and damage potentisl of storms and
Huvricaﬁes, coastal Flovida 15 unique. First, it has by far
fhe tongest habitable coastline of any U. §. state.
Comparison of the number of bavvier islands and ccean-fronting

beach lenaths for the Atlantic and Gulf states, alone,

illugstrates the status of Flovida's coast (Figure 12.
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fecond, its geographic setting and physiography venders
Florida particularly susceptable to impact from tropical and
subtropical climatological events. Disturbances which ave
generated in trapical latitudes of the mid-north atlantic
invariably propagate to the west and novrthwest, those
generated in the Caribbean commonly tvavel to the wnorth, and
those generated in the Gulf of Mexico travel, a good shave of
the time, to the east and norfheasf {zee the cyclone track
higtory compiled by Neumann, 2% al. 197851 Because of
Florida's north-zouth penivsular and lLlow-lving phyzioaraphy,

these scenarios certainly vendery Florida vulnerable to

extrems climatic conditions..

Historical data (g.g9., Bruun, et al. 1962; Dunn, et al.
1947; Ho, Schuwert and Goodvear, 197%; Neumann, 1978; Schwert,
Ho and Watking, 1979) indicate that on the average two
Tropicaf %Tormg_s%rike cmasfal Florida sach vear, with one of
the storms veaching hurvicane statug., Damages ffmm Florida
huvricanes asseszed in terms of monetary Logs and loss of life,
Sre Listed in Table 1. It iz veporvted {(Rubin, 1979) that
“;‘, raecent studies ... call atteﬁfimn to the growing potential
damage we face fram hurvicanes, which May 500N surpass floods
as the areatest hazard iﬁ.%he‘Uﬁifed $f$1@5 ee. destruction
of buiLdings by‘hufricanes iz expected to grow from today's
aLmosT.$2 Billion to about 45 bhillion constant dollars bv‘yeér
2000, This isg lavgely due to population growth and movement,
coastal developmant and hiéher congtruction values.,?®

There have been many hufricanes which have closely

appraoached ceoazstal Florida but have remsined offzhore
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Table f
Flovrida

Year

108w sbim 020 1a0e H4ss 0I S9E Sere Sata “eus Irew TEOR HAS KPSL 4e0d SUFO SESR Whad a4bs 40ib FIS Sem SN mES SHee Mead

1926
1928
1929
1930
1932
1933
1935
1936
§937
1939
1944
1944
1943
19446
1947
1748
1949
1950
4959
1953
1936
1957
1958
1959
1960
19463
1954
19465
17466
1948
1972
1975
1879

. Damage

and Fatalities

from Hurricanes.

Fatalities

243
1,838
3

0]

i

2
495
13
1

é
i@
4

o™
[

DO U@ DT ) b

e

3

Dollar
Ramange

115,495,000
24,235,000
821,000
75,000
150,000
4,120,000
11,500,900
200,000
5,000
52,000
L590,000
49,000,000
54,130,000
7,206,000
54,900,000
17,500,000

i

45,000,000

31,600,000
2,000,000
4,952,000
T, 299,605

75,000

{minor)

1,636,000
305,050,000
59,000

342,000,000

139,300,000
§5%,000,000
4,450,000
41,000,000

100,000,000

44,000,200

108 some wvas 4esa asn dokb fav® SUA4 LieD Sete Fewt B4 (imé SO e Sese 4040 G rmis bes et 4448 S4os Sert Sere Saem beie 4PN beme suRe astn Hhes sess dees

TOTAL

AYE DAMAGE/EVENT

33

St

44,748,352

Data from Dun, et al. 1967;
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eparv tment

of Commerce, 1%

1979 data are estimates from
Trescott (personal
cation, Division of

Daniel
COMmuT

Emevrgency Management,
Department

of Community

Florida

Affaivsy.
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(@.89., Hurricane David of September 1279 along the esast coast
of Florida) or which have imnpacted velatively undeveloped
coastal aveag. If fact, it may be that no tvaly gerious
hurricane impact event has occurved since the greal hurvicane
of 19228 which struck Miami, resultivng in 1838 fatalities.
In 1928, greater Miami had a population of about 129,000,
What might ong expect if anether "i%928 hurvicane® were to
impact Miami today with its popu;a%ion of 4.5 million?

A cumulative frequency plot of hurricanes striking
Florida during the peviod 1885%-1983 is agiven Iin Figure 2,

It appears that from 188% to about 1950, the dats of Figure 2

can be represented by the saolid lLlivne. Since 1950, it appears

that hurricéne incidence has substantially déctined, as
sungested by the dashed line. Rased on the longer record one
can not, however, assume that zuch a tull will continue as a
new trend. When dealing with the significant population
growth in Flarida (Figure 3, one feels comnpelled to anticipate
the complacency pravai}ing among a population of which only a
minority has expervienced the effects of hwyicane impact.
Mosely and Davenport (§9278) state "... unless human preparvation
for, and veaction to hurvicanes isx considered move carefully,
and, subsequently, redirvected on both govermment and individual
levels, th@n_%he catastrophe mofenf%at will continue ta
increase a4 coastal population grgwsﬁ"

The hurricane is not the "unheralded killer” it once wag
due to increased technologies which allow the detection of
suceh events, meazsuvement of theiv intensity and divection of

travel, and the capability tg fovewarn the public. This iz
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Figure 2. Frequency trend fbr"hurricanes-impacting Florida (after Balsillie, 1978).
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Figure 3.

data from Dolmatch, 1979).

Comparison of Florida, world and U. S. population
increases (Florida data from Fernald, 1981; U..S:.and-world
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ot to zay, however, that additional work is not needed. For

ingtance, Haker (1989) states:

Twenty-four hours before expected landfall of a
hurvicave, appyagimately 399 miles of coastline
will bBe placed under a warning (the average
24-hour forecast ervor being 190 miles). Except
in very rare storms, the eventual major damage
will be confined to an area little more than
50 miles in width., Thus, the imprecigion of
forecasting technology presents a response
problem for the public and for local officials
alike.

An undevlving theme of many such studies and reparte is

that we must be able to fTorecast the behdavior of hurvicanes as

they move from deep water, across, the continental shelf, and
onto the coast. To a large extent, however, perhaps the basic

problem and alternatives toward its solution are being

aver Looked.  THE FUNDAMENTAL ISSUE IS, IN FACT, THAT WE ARE
VITALLY INTEREISTED IN FREDICTIMG HOW A HURRICAME WITH GIVED
CHARGCTERISTICS WILL, UFPON LAMNDFalL, AFFECT A CbﬁﬁT WITH GIVEN
CHARACTERISTICS. The obvious answer iz 1o measure conditions
at the coast proper. Force and response elements of extreme
event impact at the coast that need to be measured are-
iifdstrade in Figure 4. Farces include %he wind, storm surge,
and waves; responses include vertical and hovizontal recession
of the nesvshaove, beach and coast, and sfruc&ural damages.
CHurricane wind field prediction has been & subject of
covisiderable past research, and is well estabhlished. The same
has not been true of hyvdraulic elements. In recent veavs,
however, zignificant advancements have been made in hydraulic

prediction. Storm suvae {(ji.e., the sianificant vize in the

[pa)
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«

water level surface accompanving a storm or hurvicane? has been

‘subject to considerable controversy f{e.g., U. &. Water

Resources Council, §980; U. Y. Avmy, 1280; Mational Research
Council, 1783). The Florida Department of Matural Resources,
Division of Beaches and fhoves, however, has adopted a new
stovm surge numerical computer model (Dean and Chiu, ﬁ?Bia,
1981h, 198BZa, 1282b, 1983, 1984). In addition to flooding,

a major impovtance of the storm surge is that it constitutes
a superelevated surface upon which storm-generated waves
propagate, allowing the waves to impact the coaszt at
glevations not normally attained. Fespanse of the topography
to these fﬁrceﬁ iz evosion. Erosiom camput@rvmodetﬂ‘haue baen
proposed (e.g., Kriebel, 1982, {1984, Dean, 1983; Kriebel and
Pean, 19849a, 1984h) which are primarvily based on conzideration
of the storm surge. Incorporating shore-breaking wave
dynamicg,vBaLsilLie (1784) has developed the Multiple
Shore~-breaking Wave Transformation model, which not only
congiders the stovm suvge but allows for the prediction of
coastal wave impacts. While such modeling efforts ave basad
on state-af-the—art information, the bhest data curvently
available from which to calibrate wodels are from actual
measurenents of pre- and post-storm profile conditiénsa .In
fac&,'fhévmosf comprehensive set of data for such calibration
has been measured by the Division of Beaches and Shares for
Hurvicane Eloise which struck the panhandle coazt of Florida
in September of 19273 (Chiua, 1977; Balsillie, 4%83). It is
difficult, however, to calibrate a wmodel on a single set of

data., Rather, it iz desivahble that measurements he made for

@



man? hurricanes and gtorms of varying magnitudes and
characteristics.

An additional, major advantage to divect observation of
hurrvicane and ztorm impsct at the coast is that, if conducted
in real time, emergency opevaltions pevsonnel have iamediately
available infarmation of conditions at the coast. Such
information would be a valuable aszet in management
decision-making processes related to rezpongsibilities of
snevrgency management operations. )

The purpose of this work ig, therefore, 1o iﬁvegtigate
assemb!ling standmaloﬁe and commuﬁcaf%nq sensing packages for
remoate manitaring of beach and-éoasf response tn storm and
hurricaﬁe:impact. As a hurvicane is tracked, forecasting
prognostications can identify the general coastal segment that
will be affected by the event (Raker, 198@) 12 to 24 hours in
advance of impact. The concept iz to congtruct several mobile
packages (i.e., assenbled on trailevs) which, in advance of
impact in accovrdance with provisions of the Shoreline Emargency
Reaction Function (SERF) of the Flovida Department of Natural
Fesources, Divizion of BEeaches and fhores, can be fowed to
coastal sites, instaltled and left. The reason for multiple
sensing packages is illustrated with the aid of Figure 3,
The-thricane or tropical cyelone 5 cirvcular ih shape (inset
& of Figure %Y. The strength of forces increases from the
peviphery of the storm toward the eve; inget B of Figure 3
itlustrates, for ingtance, how the wind speed increases.
Stmilar trends are to be expected for the storm surge and the

wind-generated waves traveling on tap of the surge. In order
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Increasing
Wind Speed
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INSET B: Vertical Profile Trace
of Idealized Wind Speeds

Across a Hurricane,

/.(/,////////////'/

SHORELINE —~—{L-.

. Example of
OCEAN deployment of
) -t B remote sensing
units,

INSET A: Plan View of Hurricane
Nearing Landfall.

Figure 5. Example of a hurricane approaching landfall in terms of the
hurricane wind field (after Balsillie, 1978) and deployment of remote
sensing packages. For inset A the bold arrow indicates direction of
hurricane travel, small arrow indicate wind direction, dotted lines are
lines of equal atmospheric pressure.
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to adeguately monitmr and descvibe the event, several remote
genging packages would vequive deplovment. An example of zuch
deplovment is illustrated in the Filgure, in which probable
alongghore gspacing of the remcte packages would be from 15-30
miles. Thisg, then, would allow for obtention of data on fovces
acvogs the hurvicane wind field, which at present ave vivrtually
non-existent. Each package should have the capability to be
interpgated from an inland monitoring site Llocation such ags a
state emergency opevations center (E0C), and to be able to
recovd data on site should communications fail so that data
losses are minimized for later analvsis. The program must he
d@signed to anticipate that partial equipment losz or damage
that might occur, which will affect the feasibility of such a

pPYOogram. Specific tasks of this study ave:

i. Survey existing monitoring programs which may‘
augment the existing propaosal,

2. ITdentify equipment r@quir@m@nfﬂ; sources and
costs for measuvemant of wind, wave and zstorm
surge forces at remots gsites during hurvicane
inpact for real-time %raﬁsmigsiaﬁ to an emergency
operations center {(EOC).

3. Ideﬁtify software vequirenents to support hardware,
far realizing . data rvetrieval and analysis, and

4. Frepare a plan of operation.
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EXIETING MUNITORING'PRQGRQMS

The Mational Hurricane Center in Coral G;bles,‘Fiarida,
har for many vears been involved with tracking tvopical
cyclones and hurrvicanes, through the uze of hurricane
through-flights and, more vecently, using satellite technology.
A5 necesgary as this work ig, it is considered ags a program
separate from the goals of the preszent work'since, here, we
are interested in impact of the hurricane at the coast proper.

A survey of exigsting monitoring programg has revealed two
syestems with possible gsignificant b@aring upon the proposal.
These are the National Ocean Service's (NOS) pyimavy tide
Efafioﬁ network and the University of Flovida's wave monitoving
retwork.

The first, consists of a series of tide Lewel monitoving
stations along the coasfaLFFLoridal The location of these
stations fs illugtrated in Figure &L, Fach stationw consists
of an analog-to-digital tide gauvge which records the water
level at six-minute intervals. A backup "bublev” type gauge
ig also installed at each site. These gauges dre installed as
"o o site" vecording stations as opposed to real-time reporting

capahility. However, one station (Miami Reach?) is configured

to transmit data at hourly intervals via phone Line, to

NOS headauarters in Rockvilte, Mary land. In addition, six
of the stations are linked by dedicated phone Line to a re-
corder at the local National w@afﬁer Service office.

The second program congists of nine real-tine wave
recorders opevated by the University of Florida, Department of

Qoeanographic Engineering, called the Florida Coastal Pata
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Figure 6. Location of potentially useful National Ocean Service (NOS)

tide gauging stations.
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Metwork (Howell, 1980; Wang, 1982). The location of wave
gauges is given in Figure 7.

Meither of these proavams will completely zatigfy the
needs of the coagtal itapact monitoring svstem, since the
tide gauges monitor only one pargm@fer at fixed laocations,
and the wave gauges are lbca%ad nffshore (in approximately 30
feet of water) at fixed sites. Thevefore, they may not
necessarily provide data reflecting impact conditions of a
stovm. ~However, hath svstems offer the potential to provide
excal lent supplementary information useful towards analyvzing
5+Qrm fmpact.

For example, consider the six NOS stations with National
Weather fervice (NWE) hookups. Arvangements could be made with
the NWS for calling the appropriate offices at hourly intervals
to obtain readings from the meteorlogiszt on duty. This
arrangement would allow veal-time wmonitoring of water levels
af the six gites, with a nominal cost outlavy.

Data from the NOE fe[@me+fy jfafimn'af Miami Beach may
algo be easily obtained. Several vears ago arrangements were
made hy G. M. Cole for direct hourly transmission of water
level data from-the Miami 5Ta%ioﬁ falfhe Florida Department of
Matural Resources (DNR) in Tallahassee. DNR's Bureau
of Jurvey and Mapping was provided a computer terminal and
digk dvive utilizing existing MDY software, allowing for data
reception., Further, the MNOS mayvy be agreeable to the expangion
of fHe system to include othey tide stations in Flovida. .

Similarly, it should be practical to monitor the

University of Flovida's wave gauge svstem at nominal cost



STATION NAME = MEAN DEPTH (MY LOCATION
JACKSONVILLE 9.5 38 18° B0" N,
L 31 22° 55° U
MAR IMELAND- 18.9 29 49 83" N,
CAPE CAMAVERAL 8.8 23 24" 42" N,
o 8@ 34" 38" W
VERO BEACH 7.5 27 43° 28" M,
80 21’ 87" U
PALM BEACH S.0 26 427 87" i,
8a a1/ 42" u
MIAMI EEACH 6.5 23 46° B&" M,
8g @7’ 23° U
CLEARUATER 5.9 27 58° 44" N,
: g2 51” 09 U
VENICE 7.2

Figure 7. Location of wave gauges in the Florida Coastal Data Network
(after University of Florida, 1984).
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{note that telephone enquiry lLines have been established).
Thiz could he accomplished by arvanging to access that option
by use of a dial up computer terminal.

Therefore, baoth svstems offer a means of innediately
apbtaining desivable data with very Llittle cost. Cbmbined
with an arvay of por{able monifoting stationg deplorved along
the coast, these existing programs would provide sufficient
A%
additional data for determination of detailed parameter
profiles acvoss the neavshore zone at various distances from

the impact center.

EQUIFMENT SEARCH

Introduction

The_foltowing sections report on research conducted to
identify equipment sources, requirements and costs for a
mobile unit to allow remote mgﬁitoring of various environmental
parameters during the time of hurvicane impact at the coast.
To accomplish this research, contacts were made
with federal agencies having cmmtemplafad systems requiving
gimilar epuipment, and with equipment manufacturers and vendors.
The equipment considevrations may be‘divid@d infm.*hr@e
generél categuvries: 1. the communication Link, 2. “the
sénginq equipment, and 3. the receiving equipmént, The
repart is-divided to address each category, followed by

comments on recommended equipment and dep loyment procedures.

18



Communication L ink

Three general types of communication lLinks were consider-
ed: 1. telephone line, 2. divect vadio transmizsion, and
3. rvelay through communications gsatellites.

Theldirect radio transmiggzion aption may not be desivr~-
able due to distance constraints. Since a system is desired
that cén be aperated anyvwhere in‘fhe state with real-tine
monitoving in Tallahassee, many areas would be bevond the
Limit of readily available data transmitters.

The telephone Link wag found to be unsatisfactory due
to the passibility of loss of sgch caommunications during
furricanes, and because‘of problems involved in establishing
a telephone hookup in the short time span available when
attempting to rapidly facilitate deployment and operation.

Thevrefore, all equipment considered involved the ‘use of
Geostationary Opevational Environmental Satellites (GOES).
There 15 a wide range of ejuipment available for GOFES
communication lihkage, with established procedures for the use
of the satellites and/or the use of "down Linkage" through the
uaL;mps Iﬁiand; Vivginia and Suitland, Marvland facilities.
The use Df.GOES may be avvanged by formal application to the
Mational En?ironmenfaL Satellite Service. ‘'Curvently, there
are TQQ GQEX sa%eliifas plus a zgparve in orbit at an altitude
of approximately 23,000 miles. The twa primary satellites
provide data-collection capability for essentially all af the
Western Hemisphevre, excluding the polar vregiong. Flatforms
in Morth, Central, and South Amervicas; New Zealand, Australia

and pavts of Africa; and substantial avreas of the Atlantic
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and Facific Qeceans can relay data through one of the two GOES
satellites ... Fregsently, there is no chavrge to the user for
the relay of data and its dissemination from Suitland, Marvy-
tand. Users are vespongsible for all data-collection hardware,
communication hardware, and line costs required to retrieve
data from this governmentally contralled point.® (fvnergetics,
1982)

To use such a svstem would require.a data collection
platform (DCFY at the remote site plus a computer tevminal
at the Tallabassee veceiving end. The DOPF collects and
transmits data from various zénﬂmrsﬂ

'Infafmafimn war tollected from three manufacturers of
sufTabLe DCFs for GOES camm@nication, DCF prices may vary
considerably depending on the various options selected.
However, for_es%imafion purposes, tvpical pricdes are given

in Tabhle 2.

Table 2. Available Data Collection
Flatforms (DCPs) for GOES Communication.

Approy.
Bascription Cost

CEUTErON f s s s s s a s e saasacass 55,500

Synergetics International ... $4,000
In addition to a purchaze of a DCF, conzideration mavy
be given to the posgibility of the use of one currently owned
by the federal government for field evaluation of the proposed

monitoring system. For examnple, MNOAA cuvvently hazs thrvee DOFs
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not in use and has, unofficially, expressed a willingness to

foan such equipment.

senging BEaquipment

The monitoving of at least four paramneters arve addressed
ivn this project. These include water stage, wind divection and

speed, and wave height and period.

Water lLevel Sensors

Three tvpes of water stage sensors are available with
the accuracy and resolution dexived for the prolJect. They
are: 1. analog-to-digital float type gauges, 2. acoustical
wéf@r L@v@l‘m@aguring devices, aﬁd 3. pr@ssuve~+;pe
sensors. Because of the possibility of inaccuracies
due to extremes in atmospheric PT@ﬁEUV@Iaﬁd water character—
iztics associated with hurvicanes, pPressure S8nNsor gauges are
nat congidered for this project.

Both the float and acousztic tyvpes requive the inztallation
af a stilling well to dampen short pericad wave action. Thig ig
somewhat of a congtraint due to the problems iﬁvolued i in-
stalling a well that wjll withstand hurvicane force wave
actiﬁna The acous%f; tvpe, hh@ever, requfrés mniy a 1!2«incﬁ
dianmeter well éﬁd o float, and is therefore less of a problem.

| Water level recorders and costs for consideration arve

given in Table 3.
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Table 3. Available Water lLevel Sfensors and Costs.

BppTo.
RDascription v Cost

Savm cems wie vews tnee Sees Syse Gbim cres Seet 44%s semd PG 0SB GeMS sute eime 4414 beie Nns Sime aere VeSO Sedt Suve NPAN rems TASR 4TH MEAS Sebs oSk SOMR Temp SHAE SIES Pes TSSS BLPR S4be 4aue 1mbe:iiss s Tied €5eu BaT THE femt save ters eE 4934 Seos Labe Shad et PN areb rems aren

Acoustic Yype: Aqguatrak {(Sutveon Model 10092 .. ....0. 31,5800

Float Tvpe: Leupold & Stevens (Model 7904
with adapter to electronic outpul) ... ee... $2,600

It ts noted that the Department of Natural Resources
alveady hag a congidervable number of float tvpe gauges in itz
inventory which may be available for guch a praject. For

uwze of those gauvges, only an adapter {costing approdimately

$&90) would be vequired.
Have fensors
Three hagic wave serngoveg for meassuring wave height and

period are avialable for ceonsidevation: 1. the tethered bouy,

2. the subsurface pressire sensor, and 3. the so-called

fwave staff" gauge. There arve certain advantages and disadvan~-

tages of wach.

The buoy type ig accurate because it measures at the
wafer surface. However, it generally requives an extrq radio
Transmissibn system to send data from the buov. There is
also some4qué5%ion as to the aﬁiiify of a buoy to withstand
the full impact of a hurricane.

The subsurface pressure sensar s installed on the ccesn
bottom away from the surf and wind, and i5 easily adapted to
allow a cable to transmit the data to DCF. However,
pressure~sengitive devices of this tvype cannot measure short

periond waves. Thevy ave sensitive to watev depth changes which

&
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must b@.compﬁnﬁaf@d; and any subsurface curvents which cannat
be cbmpensatedA Analveis of the pressure data can also require
considervable processor resQuUYces.

The wave staff i a cable, installed vertically on a pier
or piling, which detects changes in water height due to changes
in the registance of the staff. This sensor would be fthe easiest
to install for fhe present application.

Units for considevation are lLigted in Table 4.

Table 4, Available Wave fewnzovs and Costs,

APPTOXR.
Description Cost
Buoy tvpa:
Endeco — Type P56 .. iiattaanasnsscasna. B22,500

NEA ~ Wave Crest i ueessaciannanrsasnsaaa B8,500

Subsurface Fressure Tvpae:

Frndeco = Tvpe 1002 . . insncnsnnnanasasaa F10,500

Sea Data = &35=11 o nnansnansanssaaasnss H1O,000

Grundy — Model 44050 L

With signal ProOCESsOT .t inaiwnncannaannaaas 58,500
Wave Staff Type:

G‘Fllﬁd;’”" MDdE“I. (?611 A A A A DA AL AN A AL A AL L AN A $8)I300

r3
e
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Wind fenzors
A numbey of sensors are availahle fovr monitoring wind

direction and speesd. However, with one exception the

investigated wind sensors are Limited to wind speeds of lLesszs than

approxXimately 39 meters per second (i.e., 2?7 knots or 412 mphbf
The exception useé a static tube device instead of tha
traditional cup type anemometer awd can wi%hsfand speeds in
@KCESS ofvfez meters pevr second (i.e., 200 knotz ovr 239 wmphl.

Fagssible sensors for congidevation ave listed in Table 5.

Table 5. Available Wind fpeed Sensors and Coszts.

w,_muwmwww“wm__wwwmim“m*_wwMMm_M“M_M_MW_MWW“MW_W_MM;;;;;;?
Description Lozt
Cup Type anemometer:
Aanaderfa Instruments — Models 2740727350 ... %1,200
Grundy - ﬁodelﬁ 1 I I I 9GO
Hendix - Aevovane .#Aﬁnl‘;ﬁ.a&ﬁﬁa,hﬁAfJ*;,.a 2,000

Ftatic Tube Tvype:

ROSEmONt it it ittt i s a s ancaaasrasasnsaas $5,000

Onsité Recording

fhere iz envigioned the possibility of teLecommunicafioﬁs_
failure between the field sensing stations and the remote
mmn}Tmring station. There is, therefors, a need to be able to
vecord data from esach sensov, @ither zimulataneausly ar
sequentially. PBased on a preliminary investigation (Table &}
such capability would involve about a $2,®®® ﬁquipmeﬁ+ outlay.

Uging a 3400-foot 4-track tape at a recording speed of {15732
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inches per second would provide 1902.4 hours mf continuous
vecaovrding, ov 25,48 hours of caontinuwous 4-head recording.
Fecording cépabiLi%y will vrequire an additional power
supply, assuming that public utilities service may not be
assured. Stand—-alone genevator costs ave also approximated

in Table 6.

Table 6. Representative Cost fov Onsite Recording.

PpEppToX.
Description i - Cost
Tandbevyg TD2OA-L Lugging Recorder _
(q4-tyack, iGhS“ real, 15716 or 15/7°32" irs ... .%1,99%

Onan K459 (459 watts, electronic ztavter)
s Gemerat T i a i a st asssansassasnssannsnasaanaanas B340

Receiving Equipment

Fegquivements of equipment to receive the monitoving data
are nominal., They can include a micro-computer ejuipped with
terminal emulation software, a telephone modem, some type
of output device such ag a printer (with plotting capability),
and a disk dvive or tape drive. MWith the current prolfferatimn
of 5maL£ cmmhu%ers; the selection of equipment meeting Thése
requivements is, for practical purposes, aimos?vtimiflessﬁv

Typical eauipment available include the following

{Table 7):



Table 7. Tvpical Terminal Stations and Costs.

APRPTOY.
sCription Dozt

o

Tevas Instrument Silent TOO ..ot nansinascannaans $4,000
Hoewlaett Fackard 88 Lo a e i it o aansosnnasanaanaananas 54,000
TBM 3279 Graphics Terminal ... aawsannsssaasasaaaas 53,700
It is wnwoted that the Depaviment of Matural Resouwrces
currently has a number of terminals suitable for use for thisg

project.

Yideon Monttoring

Racent advances in vfdeo TAMEYT A Tecﬁnotogy have led to
discussion and consideration aof ins%a{ting'mnﬂsif@ video
capability. A desirable configuration would be for rvemotely
controlled scanning of an i80~degree arc. Representative

costs for video capability ave listed in Table 9.

Tahle 9. Reprezentative Video Equipment Costs.

BPPYOX.
Description# Coszt

Lhet o1en 4b0e dous iver 56 44O spss e SEPS SBIN Lims s Sese PO Lind FS0 ASeE AN TNed 1408 Phel GESh Vin See WGH W4 sipe BO1E WAL S0L hew 048 POP) BN PLAS SAWE Fets PONL sBeB Gen Wad ISP AN PR8N VAR SONO 4rss 6RO GANS SNy Mras SHeY AE Fbix 1ees oPaw deve

Color andsor B/7W Video Camevae (WY-3040Y .. ..... HATED
AE AR EET (MY=3203) 1 s esnere s e e s e a e e 544
Afuto Scanner, 20 - 325 0 (WV-T203W) L. n s it i aaaaa 161
Mounting Eracket (WV=7030) . .uueerseeneenneennanns $48
FRemote Controlling Unit (WY-T320) 4.0 insasannns 118
172% Time lLapse Recovder . vessosasnnaassansssasas $2,432

T ime=Date GenEra O r o a s ot anacannasanaanansnnsna HIAE3

TOTAL AFPROXIMATE COST 332,756

#4101 itemns are from Fanasonic.
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The usefulness of video monitoring and veal-tine
recording at the coastal site will be for chtaining data on
wave activity (i.e., breaker episodes, wave period and
share~hbreaker Heighfs) using exiszting methodology (e.g,. Herg
and Hawley, 1%72) and determination of erosion rates
(e.g., dunesbluff erosion, scour) and sediment transrpovt

hehavior (e.g9., overwash pvocesses).

The camera will need to be enclosed within the watevr—-tight

remate rensing package in 8 manney which veduces any back—
ground veflection, but which allows for scanning capability
up~ and down-coast.

The capability to transmit images back to the wonitoring

ite {(i.e., state EOCY in real—-time has been investiagated,

in
L

gince such capahility would have great value in the emergency
management decision-making process. Howsver, given the large

amounts of information that needz to be transmitted, problens

arise. The option of slow scan video teleconferencing is

avaitlable (i.e., transmission and rveceipt of images once

-

every 8 to 2%& seconds, depending on transmiszion hand

widthl.  AbmuT this Southworth (i978) states:

Unfortunately, user experience, to date, is
Largely limited to a velatively small gvoup
which includes IRM, fatellite Business Systams,
Ball Canada, NaSa, the U. T. Office of
Telecommunications, and a numher of other
gavernment agencies. The transmission sconamies
af still frame television make uzage lLikely 1o
expand rapidly in the near future, particulsrly
az more high quality audio channels become
available thvough zatallite transmission.

While the state-of-the-~art knowledge hags increased since
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19783 (e.g9.., as aviaenced by the vecent affordable
availability of television zatellite communications),
gdperienced expartise related to the realiration of such
Gapability for the proposed systém iy appavently confined to
a small group of techmicians. From recent discussion with
state officials (e.9., Messrs. Tom Brookg and Charles
Townsend of the Division of Communications, thfida
Deapartment of General Services)\whm outlined the variety of
transmitting options and technical vrequivements for gach, it
quickly bhaecame apparent that, agiven the present sztate-of-the-
art, to specify a given configuration was b@ymnd %helgébpe o f
This_ETud?~ Fuen so, it g rvecommended that the consideration
and investigation of video image transmisgion not he
eliminated during the design phase of an implenented project.
Unfortunately, for purposes of thig repovt it is not

at this time possible ta propose a general configuration and

caogt nutlav. However, ansite video monitoring remaing as &

viable, recommended capability.

Fecammended Equipment

“Rased on the preliminary analysis allowed under the scope
of fh{s 5Tud?, a r@cmmm@nd@d'@quimme“, combination is given in
Table 8. It iz noted that the zelection of recommended
gruipment 15 somewhat subjective with the wide variety of
caombinations of équiPMEﬁt available.

Such equipment would use a GOEY gatellite and the National
Evwviraonmental Satellite Service (MESS) down-link facilities.

Data would be tranzmitted from the MESY Suitland, Marvyland,

]
P
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facility to Tallahassee by dial-up telephone Line link. The
anticipated configuration is illustrated on Figure 8.

The total harvdware cost for such a svstem, including
waterproot packaging, masts, connecting cables {and allowing
a percentage for unforeseen commections and interface costs),

would vange between $40,000 and 445,000,

Table 8. dpproximate Cost for o Single Remote fensing Unit.

APprey .
Description . , Coxt

DATH SENSORS

Water L@vetv? fpuatral Acoustic 9aUQe o ... ...  B1,400

Wave Height - Grundy Model 924811 wave staff ... 58,300

Wind — FRosemont .o eiiiacasnnnsnnssansnassnssaas $5,000
DﬁTA‘CGLLECTIOM FLATFORNM

Synergetics International ... ssasssnaanssaasaaas  $4,000

ONETITE RECORDING &t scniasnaansaanasannaansaannaaa $2,000

VIDED MONITORIMG o i s s itnnssnnaannaanssanaas $3, 758

FOWER SUP LY i h it st s i an s s aaaaanaaaanasaannasnsa $340

fipprodinate Total Cost . u i n s s s unisanssannssanaaananas 525,176

*Reteivinq equipment not included ... see discusgsicrn in the
Eepction on "Flan of Opervration®. ' ’

Equipment Integration

At the time of implementation aof this gtudy, there was
an identified need to specify how vreceiving equipment and
computer harvdwarvre were to be interfaced. In.the intevinm

periad, however, advancements have reasched proportions
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Figure 8. Proposed remote sensing unit configuration.




{@.g., note the curvent status of the pevzonal computer
industry) such that there would he little acconp lizhed in
guch a search. Principally, with the prolific vendor-sources
of havdware, firmware and zoftuwasve that have bheen developed
in the past 24 months and attendant advancements, virtually
any component regavdless of the manufacturer can now be
interfaced in some way. Further, from reports of new
advancements in the making (e.g9., IBM "mnega-chip” regearch
ang development) theve may be available, by the time the
r@cﬂmmand&f%dnﬂ af this study are implemented, new
technology giqnificanTLy modifying any configuration that

might curvently be considered.

SOFTWARE NEEDS
Software needs for’ the proposed system may be
categorically approached asz:
i. data retrieval,
2. data rveduction,
3. coasztal pyvocesses gimulation, and

4, rvecovds listing and graphical digplay.

Data Retrieval

Software needed for the retvieval of data from the
remote data collection sites is standavd "mff—fﬁa_shelf"
communications progvamming avail lable at minimal cost. Thisg
software facilitates down-loading of data transmitited through
the Mational Envivonmental fatellite Service (MESES) Center
to the Florida termival locatian., It may also be uzed to

azgimilate data from the University of Flovida's wave gauging

—
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Data Reduction

Fetvieved vaw wind, tide and wave data may all, %p.some
gxtent, requive reduction and additional treatment. For
@xample, for wave data such wmethodology is standardized
{@.g., Harvis, 1272, 19274; Thompson, 1977, 1980; Howell, 1980;
Wang, 1992) with software available from public domain sources
{e.g., the U, 5. Army Coastal Engineering Research Center, and
the University of Flovida)., Reduction methods for tide data

are avaitable from a vaviety of sources (Cole, 1983).

Coastal Procesgses Simulation

It is suagested hevre that, eventually, it would he
desirable to be able 10 prédfcf, for a real avent, probable
starm surge, wind aﬁd wave impacts and &oaétat erosion well in
advance of actual landfall of the hurricane. Such an approach
would vequive numerical computer modeling technigques, and
wauld serve toward calibrating numerical modaeling approaches
that when perfected would provide a valuabhle decision making
tool. Input information for numerical cdmpufer simulation are
characteristics of the event from through—-flight and
sa%eliite.moni%orﬁng by the National Hurvicane Center and
data collected fram NWE tide gauges, CDM offshore wave gauges
and the vemote coastal zsenzing packages of thiz study.

Frediction of the behavior of the coast due to
stormshurvicane impact will require specialized software.

A majov, necessary parameter is the stovm surge. Storm
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surge numerical computer modeling (Dean and Chiu, 1981a, 1984hb,
1982a, 1982h, 1283, 12842 now opevating on DMRz NEMSY TRM 4341,
requiTes considevable time and resouwrces. Discussions have
been held with Ir.o R, G. Dean {author of the software) in which
he has given assuvances that It would be posgible to modify the
existing one"di&ensional model (i.e., the simplest model) to
produce move timely vesults. A& major dffficul%y in using the
modet‘is the accesszion of bathvmetric and topographic data.
While the data exigsts on the MEMIY computer svstem [(Boaches

angd Shores Data Bank), the files need to be reformatted to
accomadate accesgsibilityv. Then efficient seavch zoftware could
he ﬂevelm;@d to rapidly obtain the needed bathymetvic and
topographic information for the pradicted path of the sfdrm
evant.

Responses of the coast to storm—generated wind, wave and
5ur§e forces may he predicted ugzing several methods |
{(e.g., Dean, 19R83; Kriebel, 1982, 1984, BRalsillie, 1%34).
R@qunseﬁ include evosion (i.e., horizontal and vertical
recessfun of the coastal topography) and potential wave

impacts. FResults of one of these methods ave llugtrated in

“Figure 9 (5@@ Figure 9c for exptanation of the svmbols).

Such software could be eagily incorparated.

Faecovrds Ligting and Graphical Displav

Software vyeqguirements for digplay regsults are minimal.
As for data retrieval, software for this function is
available "off-the-shelf" or may he written by & pvyogramnoer
experienced in plotting (e.g., Figure 9) rvoutings. An

additional example of the tvpe of computer genevated plots
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(from Balsillie, 1984). Symbols are explained in Figure 9c.
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. Crest elevation of the maximum
—_’__‘__,—d—-".'p" — N
e shore—-breaking wave,

Crest elevation of the significant
shore~breaking wave (i.e., average
of the highest 4/3 shovre-breakers).

o D prypepRsasee IRL XX
%Cresf elevation of the average of

all shore-breaking waves.

Crest elevation aof the wave
reformed from a previous
shore~breaking episode (from the
avevrage shore-breaker height).

Storm surge still water level.

Original topography and/or bathymnetry.

e~ e N_— _$4/’///,-Erosion'profilé {includes effects of
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recessian).

100 200

Figure 9c. Explanation of symbols used in Figures 9a and 9b.
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additional example of the tvpe of computer generated plots
detailing the stors-generated fovrces, is illustvrated in

Figure 19.

PLﬁNlQF QFERATION

The proposed plan of operation involves real-tine field
monitoring from three souvces: 1. the proposed portable
remote monitoring system of this work, 2. tide géuges of
the National Doean fervice, and 3. wave gauges of the

1 the

p

University of Florida, which would provide information o

farces and respanses of a hurvricane at coastal impact. & .

fourth source ... the Natiognal Hurricane Center ... provides

information about the chavacter of the storm {(e.9., cenitral
pressure, pressuve deficit, size, divection of travel, forward
speed)., Although this later information is important as
input for eventual numericaL caomputer zimulation of impending
caoaztal fmpact of a hurvicane, it is extraneous to the
monitoring gcals of this sfudy;

The intent of the mobile vemote coastal sensing
packages is to facilitate installation. The packages are to
e mmm-kéé on trai l.éx"s in sealed, w@a’ri":ér--p'roo'f (:CJﬁ"hﬁiﬂ@ff;.
Once the "probable® landfall coovrdinates ave evident ...
f.e., 912 to 24 hours in advance to landfall .. the pachkages
can be towed to the coast (i.e., to sites with piery go that
the water level avd wave senzor probes can he installed),
secuvyad using screw-anchors, activated, and abandoned until
the svent passes. M zpecial feature to such an approach is

that with 3 senging paclages, a significant length of coast!line

d
=
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can be instrumented, thershy ivcreasing assurance that most of
the packagesr will bhe within the hurricane wind field. The
Divigion of Beachegs and Shores, Bureauw of Coastal Data
poquisition has an exp@rfencmd field staff involved in
Littoral data collection {(fensabaugh, Ralsillie and Bean,
1977) whao have also been involved in pre~ and post-storm
data collection. Hence, the experienced staff is available
for installing the proposed packages.

Monitovring (i.e., computer terminals) and display
(i.e., printer-plotter capability) equipment for the
inferegation, receipt and processing at an intand site
(edg*; the Division of Eherqancy Management's EOC, or ?hé.
Division of Beaches and Shores Analysis/Research Section)
of the remoféhy collected coastal impaﬁf dqfa, haz not been
included in the cost study for the remote sensing field
pacﬁaqwsﬁ_ Thiz omission is not an aversight, because:
i. caompatible Equipmenf.atready exists within state
governmnent, although logistics arssociated with relocation
and installation at a central site would require attention,
or 2. if additional equipment were obtaived to be used_for
hurvicane monitoving, it would not-be cosfweffecfive for
the equipment to it idle except for emergency conditions
but would reaquire additional jusgstification hased on current
or needed programmatic regpmngihil}fieg,

The above configuration would require mainframe support
resoaurces of a lavger computer system. Hecauze of requirements
for management of agographic data bases, simulation software,

large storage capacity, telecammunications needs, and the
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ahvious desivabhility of a Tallahassee location, two systems
way at thiz time be conzideved for use.

The first ig located at the Flaorida Department of Matural
Resources' Natural Resources Ménmgemenf Svstems and Services
Data Center. The center operates an IBM 4344 Model Gyoup I
processor with 8 meqabytes of veal and 8 megabytes of virtual
memory. Advantages to this processor source is that it now
drives storm surée and coastal processes software in support of
responsibilities of the Divigion of Begaches and Shoves, and
hag an arvay of computer bharduave (e.g, tevrmimnaly, printer-plotter,
eﬁ@ctroﬂfafic plotter, digitizer) and gupporkvfitmwat@ &ﬁd
software. . If the central moniforing gite were 1o be Locé%ed other
than in the Douglas Building, then in additionvtm the terminval
harduware (see Table 7)), printer-plotter and communications and
control devicéﬁ would be needed. Equipm@nf identification and

assoctated costs for these latter itewms ave given Iin Table 2.

Table 9. aAdditional Communicationy and Frinter—-Flotter
Equipment Coxte. :

ARETOY.
Degcription ‘ Cost

IBRM 3274 Controlier (16-PartS) o esrannanncsnnssas 55,000
MO @M ik h s it it a s mnnaanaassaanaaansaasnsasnaansnnnaans B1,450

TEM 2287 Frinter-Flotter ...,

P b &l
h e aaa s s s asaaaasaa BH,EI5H

The second svestem (s located ov the Florida State

University campus at the Florida Resources and Envivonmental

Analyvyesis Center (FREACY. FREAC is curvently in the process of
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developing a Land Foundary Information System (LARINIY which

would provide a comnpatible eﬁvironmen* for gtovrage and

praocessing of monitored hurvicane information. & advantage 1o

this processor source may he the avaitabilf%y of larger

computer processing resources and telecommunciations capability.d
The command center would vreceive data for the portable

monitoring system by telephone Line with the National

Envivonmental Satellite Service computer which in turn

receives data via satellite relay. Data fram the University

af Florida's wave gauqe program would he Linked by telephone

Liﬁe to atcess wave data. Data from the NQS tide gstationg

wmutdvbe obtained by caLLinQ the National Weather fervice

affice near sach gaugse. They could provide dafa by

scaling hourly_vaLu@s from the remote vecorders in their

aoffices. The opevational aspects of the effort are

conceptually illustrated in Figure 14. It is noted from

Figure 11 that telephone Ling communication to obtain wave

and tide data from the NOE and CDOM programs s velnevable to

dizruption or lozs due to storem conditions. A strong point in

favor of the coaSTaL remote sensing packages ig telecommuncations

capability with onsite retording és & back—uﬁ. The telephone

Live Link between NEIY (Marviand/Vivginia) would he fairly

secure since most hurvicanes will gsirike Florida south of

Tallahassee (an alternative arvangement may bhe possible), as

would any requived dedicated Line in Tallahassee to a local

mainframe computer pProcessor.
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Figure 11. Conceptual illustration of data retrieval (solid lines indicate
telecommunications, dashed lines dedicated telephone communications,
dash=dot-dash lines unknown but existing communications).



FEASTRILITY ANALYSTE

The svstematic appvoach investigated in this work will
invalve the expenditure of about $256,000 for the
caommunicatians, computer needs and construction of 3 mobile
sensor packages. Such a sum is not inconseguential, and
there iz a need to "put into perspective® the anticipated
capital ocutlay.

Of Flovida's approximately 1,200 miles of tidal
shoreline, ahout 860 miles are actual madevate to high energy

beaches of which about 275 miles are.designated recreational
beaches fFernaLd, 1981). Studies conducted by Cur?is,lﬁhowﬁ
and Spence (1980) and Curtis and Shows‘i19825 indicate that
use of designated recreational beaches currently earns the

State of Flovida about 441,250,009 arvnually per mile of

zhovreline. This usage includes beach user and camping f

B
1]
1t

concersion esarnings, voad and bridge tolls, sftc. At Ft.
Desota NMational Memorial in Finellas County, Curtisz, Shows

and Fpence (12807 found that beach usage costs an average of
450 per day per user (includes in-state and out-of-state
urers). Fark-tvype heoach use ig, fhévefore, uer? inexpensive.
Commercially develaped coaasts (e.g., with hote 5,'r@£faufanf5,
etc.) realize much higher earnings. For exgmple, in a study of
the Detray.B@ach nour i shment project, Curtiz and Shows (§982)
found an average expenditure of $43.99 per day per visi%br,
for cut-of-state tourists only. This sugsests heach-related
garninary of $8,470,000 annually per mile of shoreline. Thisz
figure does not include benefits due 1o exigtence and

maintenance of a beach affording =gtorm protection. In view
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of these egﬁimakes,'fhe cost of the proposed system would he
anly from 3% to 20% (a weighted aversage of 5%) of the annusl
garnings from a single mile of Flovida beach!

If one cmmpav&# the cost of the proposed svetem to the
average dollar damage for a hurvicane (see Table 1, noting
that the damages arve not in constant dollars), the cost of
the approach is only 9.4% of an expected, average dollar
Losé,

In facf, it is the belief of the authors that with the
current technological state—-of-the-art and the economics
aﬁéociated with hurvicane and storm damage, such a
gystematic appraach 15 inevitable. Thébquesfimﬁ that
ramains i5 when? ﬁT'The very Least, the condept addressed
in this work has "come-of-age".

RECOMﬁENDATIDNS

RBazed on the results of this study, H% iy reconnendsd
that a technical task force be established to deliberate on
varimug.idenfified izgues. The task force should be composed
af indiuidﬁals with demonstrated technical experience in coastal
data collection and processing, storm surge and coastal
prbcesse# anﬂysimulafimﬁ, sform*hurrjcane mechanics, elecfrqnic5
and communications engineeving, or hazards managemen?.‘ The

issu@s are:

1. Dezian of the mobile (i.e., trailovrable) remcte
coastal monitoring package to include:
Aa considevation and identification of existing

(e2.9., pievrs, aroinsg? or natural features
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(eAga,'rmck outeropsy for ingtallation of wave
and water level senszors.

b. package design such that it may be ured for
"novmal® littoral survey work {(e.g., asg
established in Florida and described by
Sengabauvah, Halsillie and Bean, 1977), which
will serve to maximize service and increase

economic justification of the approach.

2. Develop the capability for agssured, rveal-time
obtention of data fromvexisfingbmoniforing Pr oYY ans.
This includes data sources from the wave gaué@
pfogram at the Uniuefsify of Flovida, Mational
Weather Sevvice tide gauging sfafions,.and storms
hurriﬁane chavacteriztics from the National Hurvicane
GCenter. The major issues heve are the development of
secure data transmission capability and, where
possible, timely pre-processing of data {e.9., spectral
analysic of wave gauge data ... e.g9., Thompgson, {980
to increase efficiency of transmigssion, rather than to

transmit vaw ov partly analvzed data.

’EQY'ImQLemenf the plan of operation regarding the
centralized monifbr{ng‘center in Tallahassee,
inctﬁdiﬁq equipment needs, justification and request to
the Information Rescurce Commiszion, and/or
identifTication of exigting equipment and tinme-related

logistice for equipment transfer and itnstallation.

4, Develapment of vreal-time ztove surge prediction



capability. This includes modification of exizting
software for timely suvrag prediction, identification
of topographicsbhathymetyic barse data vequivements and
developmant of management software, specification of
systems vesource requirvements, and hardware for

realization of results.

Actively investigate existing equipment sources. It

ot

would seea entively possible that federal d@fense
agencies have equipment {retired ov activel) which
might be procured for constructing the remoTa‘
patkages,; trailers and sealed amn%ain@fﬁ came to mind -
é# an ezample, which would requivre only modification.

This approach would greatly defray costs.

A initial vrole aof the tagk force may be to review these

igsums, identify any othevs which may have bhearving on the

propozed concept, and prepare a veszolution as to vealization of

the goals. For ingtance, final igsues may he aszisved to

pavticulasy state government agencies ags tasks, others may be

treated ags items requiring research proposals. The task fovce

would then serve as a rveview and coordinating body.

o

Fevl, NOTE: Thig report provides trade names of various

commercial products in order to determine expected costs.

Ay name, however, s Listed ag a benchmwark only with the

caveate assumption that such commevcial products are

competitively priced. Therefore, the citation of trade

Names

in this document does not constitute an official
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Florida Department of Matural Resources endorsement oy

appvoval of the use of such commevical productsz.
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